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(54) METHOD FOR MANUFACTURING OPTICAL WAVEGUIDE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a method for 
manufacturing a planar type optical waveguide provided 
with an organic polymer type optical waveguide with a 
clean and smooth circular formed cross section. 
SOLUTION: A reactive oily prepolymer 10 is applied on a ^ ^ 
substrate 1 provided with an oil repellent region and an 
optical waveguide pattern constituting an oleophilic 
region. Thereby the reactive oily prepolymer is applied 
only on the optical waveguide pattern and the optical 
waveguide with the circular formed cross section is 
formed in a self-aligning way by surface tension of the 
reactive oily prepolymer 10. Subsequently the optical 
waveguide with the clean and smooth circular formed 
cross section is obtained by hardening the reactive 
prepolymer. 
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* NOTICES * 



Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 . This document has been translated by computer.So the translation may not reflect the original precisely. 
2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The manufacture method of the optical waveguide which forms the optical-waveguide pattern on the front 
face of lipophilic property, applies the aforementioned reactant oil-like prepolymer on the aforementioned substrate, 
forms the pattern of the aforementioned reactant oil-like prepolymer of a circular cross-section configuration, is 
subsequently made to carry out a hardening reaction and forms the macromolecule optical waveguide of a circular 
cross-section configuration on the substrate which has an oil-repellent front face to the reactant oil-like prepolymer 
which forms an optical waveguide. 

[Claim 2] The manufacture method of the optical waveguide according to claim 1 which dopes a low refractive-index- 
ized molecule from the circumference of the aforementioned macromolecule optical waveguide, and comes to form a 
gray TEDDO type optical waveguide. 

[Claim 3] The manufacture method of the optical waveguide according to claim 1 which carries out embedding by the 
clad resin further on the aforementioned core by using as a core the macromolecule optical waveguide which carried 
out the hardening reaction, and which the aforementioned substrate was a clad resin layer, and was formed, and comes 
to form a step type planar optical waveguide. 

[Claim 4] The manufacture method of an optical waveguide according to claim 1 that etching comes to form the 
aforementioned optical-waveguide pattern a cross section in the shape of concave radii. 

[Claim 5] The manufacture method of an optical waveguide according to claim 1 that the aforementioned reactant oil- 
like prepolymer consists of a macromolecule constituent containing one chosen from either a vinyl system organic 
molecule, siloxane skeleton polymer and the condensation polymerization system organic molecule, and an oil- 
repellent front face consists of a hydrophilic front face or a fluoride organic molecule front face. 
[Claim 6] The manufacture method of an optical waveguide according to claim 1 of the oil-repellent front face on the 
aforementioned substrate being formed of a middle coat, and coming to remove the aforementioned middle coat after 
macromolecule optical-waveguide formation. 

[Claim 7] The manufacture method of an optical waveguide according to claim 6 that the aforementioned middle coat 
consists of a water-soluble-polymer film. 

[Claim 8] The manufacture method of an optical waveguide according to claim 1 of a middle coat being formed on the 
aforementioned clad resin layer, and coming to remove the aforementioned middle coat the aforementioned middle 
coat after macromolecule optical -waveguide formation. 

[Claim 9] The manufacture method of an optical waveguide according to claim 1 that the end face of the 
aforementioned macromolecule optical waveguide comes to make the convex spherical surface with the surface 
tension of the aforementioned reactant oil-like prepolymer. 

[Claim 10] The manufacture method of the optical waveguide which forms the optical -waveguide pattern of a 
lipophilic property field to the aforementioned reactant oil-like prepolymer on the substrate which has an oil-repellent 
field to a reactant oil-like prepolymer, applies a reactant oil-like prepolymer on the aforementioned substrate, forms the 
aforementioned reactant oil-like prepolymer on the aforementioned optical-waveguide pattern, and hardens the 
aforementioned reactant oil-like prepolymer on the aforementioned optical-waveguide pattern. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the manufacture method of the optical 

waveguide used for optical communication, optical information processing, etc. 

[0002] 

[Description of the Prior Art] Conventionally, optical devices, such as semiconductor laser used for optical 
communication, optical information processing, etc., a photo detector, or an optical switch, transmit and receive signal 
light by generally combining I/O of light with an optical fiber, and various optical modules, such as an optical fiber 
module which incorporated the optical fiber in the module, were made. 

[0003] On the other hand, apart from the above-mentioned optical fiber module, the planar form light wave circuit 
(PLC;Planer Light-wave Circuit) module which accumulated the flat-surface optical waveguide containing an optical 
waveguide and optoelectronic devices, such as semiconductor laser and a photo detector, on the same substrate is 
proposed. Automation of an assembly is possible for this PLC module, and its expectation is great as one of the 
compact optical modules which constitute an optical-waveguide integrated circuit device. 

[0004] The PLC module is mainly conventionally developed as an optical switch and an optical branching coupler, and 
an optical waveguide has the thing of the organic system which carried out the thing and the organic polymeric 
materials of the quartz system which used the quartz as the base at the base. Especially, although the optical waveguide 
of an organic macromolecule system has a technical problem in thermal resistance or a performance, since it can 
perform formation of a transparent membrane easily, fields, such as cost and the number of manufacturing processes, 
to its expectation is high. 

[0005] The PLC module of the conventional organic macromolecule system is shown in drawing 6 (a) and (b). 
[0006] As shown in drawing 6 (a), as for the conventional PLC module, the top clad layer 400 was formed so that a 
cross section might embed the core layer 300 further on a substrate 100 by forming the bottom clad layer 200 which 
has a rectangle-like slot, and embedding the core layer 300 which becomes the slot from organic polymeric materials. 
[0007] Or as shown in drawing 6 (b), the bottom clad layer 201 was formed on the substrate 101, the core layer 301 
which a cross section becomes from organic rectangle-like polymeric materials was formed on the bottom clad layer 
201, and as for the conventional PLC module, the top clad layer 401 was formed so that the core layer 301 might be 
embedded. 
[0008] 

[Problem(s) to be Solved by the Invention] However, when the cross-section configuration of the core layers 300 and 
301 which serve as an optical waveguide like before was a rectangular PLC module, the optical path length of the light 
which guides waves while reflecting an optical waveguide may have become longer than required. Furthermore, the 
transmission loss of light and disorder were produced on the boundary line of a rectangle-like side and a field. 
[0009] In the conventional PLC module, the cross-section configuration of the core layers 300 and 301 had become 
rectangle-like for forming the slot of the bottom clad layer 200 by etching, and it was because core layer 301 itself is 
formed of etching in drawin g 6 (b) similarly in drawing 6 (a). 

[0010] Since especially the slot of the bottom clad layer 200 or the core layer 301 that consists of polymeric materials 
in drawing 6 (a) and (b) was formed of the oxidization degradation etching reaction of the quality of organic, it has not 
formed a beautiful and smooth core-clad interface. 

[001 1] The way the cross section of an optical waveguide forms a circularly near optical waveguide is indicated by 
forming high refractive-index transparence liquefied material only in the portion which printed the surfactant in the 
shape of a stripe on the substrate, and on the other hand, hardening the high refractive-index transparence liquefied 
material into it (JP,3-15805,A). 



[0012] Or the way the cross section of an optical waveguide forms the optical waveguide of a semicircle is indicated 
by contacting a polymerization nature monomer steam and carrying out polymerization solidification on each substrate 
irradiated, respectively, by the electron ray and ultraviolet rays, (JP,2000-105319,A). 

[0013] However, these methods do not aim at making the cross section of an optical waveguide circular, and the effect 
of an optical waveguide depended circularly is very small. 

[0014] this invention aims at offering the manufacture method of the optical waveguide which has the optical 
waveguide of the organic macromolecule system which has a beautiful and smooth circular cross section, in order to 
solve the above-mentioned technical problem. 
[0015] 

[Means for Solving the Problem] The manufacture method of the optical waveguide concerning this invention forms 
the optical -waveguide pattern of a lipophilic property field to the aforementioned reactant oil-like prepolymer on the 
substrate which has an oil-repellent field to a reactant oil-like prepolymer, applies a reactant oil-like prepolymer on the 
aforementioned substrate, forms the aforementioned reactant oil-like prepolymer on the aforementioned optical- 
waveguide pattern, and hardens the aforementioned reactant oil-like prepolymer on the aforementioned optical- 
waveguide pattern. 

[0016] According to the manufacture method of the optical waveguide concerning this invention, by forming the 
optical- waveguide pattern of a lipophilic property field on the substrate which has an oil-repellent field to a reactant 
oil-like prepolymer, and applying a reactant oil-like prepolymer to the optical-waveguide pattern which is a lipophilic 
property field, a reactant oil-like prepolymer is applied only to a lipophilic property field, and the reactant oil-like 
prepolymer becomes a self-adjustment target with a circular cross section with the surface tension. Subsequently, the 
macromolecule optical waveguide of a beautiful circular cross section can be obtained by hardening a reactant oil-like 
prepolymer. 

[0017] In order to use this invention and patterning by the surface characteristic of the big contrast of oil repellency 
and lipophilic property, the adhesion force of the reactant oil-like prepolymer adhering to an optical-waveguide pattern 
is large, and the optical waveguide of a beautiful circular cross section is obtained. 
[0018] 

[Embodiments of the Invention] Hereafter, the operation gestalt in the manufacture method of the optical waveguide of 
this invention is explained, referring to a drawing. 

[0019] (1st operation gestalt) It explains, referring to drawing 1 hereafter about the manufacture method of the planar 
type optical waveguide concerning the 1st operation gestalt. In addition, drawing J is the process cross section showing 
the manufacture method of the optical waveguide circuit concerning the 1 st operation gestalt. 

[0020] As shown in drawing 1 (a), the bottom clad layer 2 which consists of poly fluoride methyl methacrylate of high 
fluorine concentration is formed by 1 0-micrometer thickness on the substrates 1 , such as an alumina. And the middle 
coat 5 which a front face becomes from oil-repellent (oil-repellent field) polyvinyl alcohol is formed on the bottom 
clad layer 2. 

[0021] Here, "oil repellency" means the property to have oil repellency to the reactant oil-like prepolymer which is the 
macromolecule precursor constituent which carries out a hardening reaction with light, an electron ray, or heat, and 
"lipophilic property" means conversely the property to have lipophilic property to the reactant oil-like prepolymer. 
Hereafter, these are only called "oil repellency" and "lipophilic property." 

[0022] Next, as shown in drawing J. (b), the photoresist 7 which has the opening 6 of the shape of a stripe with a width 
of face of 10 micrometers is formed on the bottom clad layer 2. 

[0023] Next, as shown in drawing 1 (d), the usual etching etc. removes a photoresist 7. Thereby, the middle coat 5 
which has the stripe-like the optical-waveguide pattern 8 and the oil-repellent field 9 on the front face of lipophilic 
property (lipophilic property field) can be formed on the bottom clad layer 2. In addition, the field which has the field 
of oil repellency and lipophilic property can also form a lipophilic property field in the front face of the bottom clad 
layer which has an oil-repellent field even if it does not use the middle coat 5 easily by adding a water-soluble ionicity 
activator. 

[0024] Here, in the 1 st operation gestalt, although the configuration of the optical-waveguide pattern 8 was made into 
the shape of a stripe, the example of the configuration of the other optical-waveguide patterns 8 is shown in drawing 2 . 
In symmetrical dichotomy and drawing 2 (b), unsymmetrical dichotomy and drawing 2 (c) show symmetrical 
trifurcation, and drawing 2 (d) shows [ drawing 2 (a) ] the optical-waveguide pattern of Y branching configuration of 
the optical waveguide of 1 x4 branching. In addition, according to the formation method of the above-mentioned 
optical-waveguide pattern, the optical-waveguide pattern of various optical branching configurations can be easily 
formed by etching loess besides these. Therefore, formation of a precise optical waveguide like an array waveguide 
skeleton-pattern splitter etc. is possible. 



[0025] Next, if the poly fluoride methyl methacrylate prepolymer is sprinkled in the shape of a fog and applied as a 
reactant oil-like prepolymer on the substrate which has the field of lipophilic property, and an oil-repellent field as 
shown in drawing 1 (e), the poly fluoride methyl methacrylate prepolymer will be applied by the property only on the 
lipophilic property field which is the optical-waveguide pattern 8, and will form the prepolymer pattern 1 0. While the 
poly fluoride methyl methacrylate prepolymer forms a circular cross-section configuration in a self-adjustment target 
with surface tension at this time, the prepolymer pattern 10 with a smooth front face is formed. Since the prepolymer 
pattern 10 serves as a diameter of a narrow according to the width of face of the optical-waveguide pattern 8, surface 
tension acts very greatly and a cross section becomes a beautiful round shape. Here, as for a circular cross-section 
configuration, a cross section says a circle, an ellipse, or the configuration near them. 

[0026] Next, as shown in draw ing 1 (f), the core layer 3 used as an optical waveguide is formed by performing the 
hardening reaction which irradiates the prepolymer pattern 10 by ultraviolet rays etc., and hardens it. In addition, there 
are the addition polymerization represented by vinyl polymerization, condensation polymerization represented by a 
polyimide and polyester, heat crosslinking reaction represented by peroxide bridge formation, 2 liquid mixture 
crosslinking reaction represented by epoxy, urethane, a moisture hardening reaction of cyanoacrylate which are started 
at a reaction with the moisture in air, etc. as hardening reaction. 

[0027] Next, as shown in drawing 1 (g), etching etc. removes the middle coat 5. This forms the core layer 3 of a 
circular cross-section configuration on the bottom clad layer 2. Since the polyvinyl alcohol which is the middle coat 5 
is a water-soluble poly membrane, it is easily removable withwater. 

[0028] Next, as shown in drawing! (h), the top clad layer 4 is formed by forming the poly fluoride methyl 
methacrylate of high fluorine concentration, and hardening by ultraviolet rays etc. so that the core layer 3 may be 
embedded. In addition, in the case where a step type planar optical waveguide is constituted, since it is the structure 
where carbon fluoride structure lowers a refractive index, as a material of the top clad layer 4 or the bottom clad layer 
2, fluorine system polymer is suitable. 

[0029] As mentioned above, although the manufacture method of the planar optical waveguide of the 1 st operation 
form was explained With the reactant oil-like prepolymer which forms the core layer 3 of an optical waveguide For 
example, the ultraviolet-rays hardenability vinyl system resin which makes basic structure denaturation PMMA which 
introduced the polymethylmethacrylate (PMMA) and the alicycle machine, Various photosensitive polysiloxane 
derivatives, a denaturation fluorine-ized polysiloxane, a photosensitive fluorine-ized polyimide, Oil-like 
macromolecule precursors (varnish), such as a photosensitive epoxy resin, denaturation polyester resin, a denaturation 
polycarbonate, a urea resin, melamine resin, a urethane resin, denaturation triazine resins, and these copolymers, or the 
solution of those is said. In addition, the hardening reaction of the case of a solution is carried out after application 
dryness. The optical waveguide of the macromolecule of a circular cross-section configuration can be suitably formed 
by these material selections. 

[0030] Furthermore, macromolecule constituents, such as the above-mentioned vinyl system organic molecule, 
siloxane skeleton polymer, and a condensation polymerization system organic molecule, need the high thing of 
transparency, and consist of following concrete material. 

[0031] As a vinyl system organic molecule, there is a copolymer with other others and vinyls compound which are 
polymethylmethacrylate (PMMA), fluoridation PMMA, Deuteration PMMA, bridge formation PMMA, the alicycle 
machine introduction denaturation PMMA, polyethyl methacrylate, etc. 

[0032] As siloxane skeleton polymer, there are many denaturation polysiloxanes and there are a photosensitive 
polysiloxane derivative, a denaturation fluoridation polysiloxane, etc. Moreover, siloxane skeleton polymer is easily 
denaturalized with epoxy, urethane, an acrylic, polyester, etc., and can give various properties. 
[0033] As a condensation polymerization system organic molecule, there is various denaturation polymer which 
denaturalized condensation macromolecules, such as a fluoridation polyimide, thermosetting polyester, and a 
polycarbonate, as a skeleton, and there are other copolymers many which are a photosensitive fluoridation polyimide, 
epoxy denaturation polyester resin, an acrylic denaturation polycarbonate, etc., and a derivative. 
[0034] Moreover, since this invention forms the prepolymer pattern of a circular cross-section configuration by the 
reactant oil-like prepolymer, it is stiffened and it solidifies, a reactant oil-like prepolymer has that desirable which the 
circular cross-section configuration of a reactant oil-like prepolymer solidifies according to a hardening reaction 
process, without changing a lot. It is more desirable for this point to a reactant oil-like prepolymer to be a liquid which 
contains [ rather than ] reactant solvents, such as a monomer, a dimer, and oligomer, including a common solvent (non- 
reactivity solvent). 

[0035] Moreover, in the 1st operation gestalt, with the front face of "oil repellency" and "lipophilic property", although 
the thin film surface characteristic of a reactant oil-like prepolymer own [ in a varnish or the above-mentioned 
solution ] is used in many cases as mentioned above, a surfactant, a coupler, a transparency regulator, etc. may be 



mixed into the liquid, membranes may be formed, and the surface characteristic of the aforementioned additive which 
deposited on the front face may be used. Many methods, such as the method of carrying out surface treatment of the 
technique of controlling a thin film surface characteristic with an additive by reactant gas plasma, such as water, 
oxygen, and carbon tetrafluoride, it introducing OH basis and a fluorine, and carrying out a surface treatment, are 
learned. 

[0036] Theoretically, an "oil -repellent" front face is formed of the front face where the molecule site (functional group) 
of not dissolving in a reactant oil-like prepolymer deposited, and the front face of "lipophilic property" is formed of the 
front face where the good molecule site of compatibility deposited in the reactant oil-like prepolymer. This effect is 
high especially when the solubility parameters between the surface deposit machines which form each [ these ] front 
face differ greatly. 

[0037] Moreover, as a way the circumference develops a reactant oil-like prepolymer and forms the optical-waveguide 
pattern of a reactant oil-like prepolymer on the substrate which has the optical-waveguide pattern of lipophilic property 
by oil repellency, although the reactant oil-like prepolymer was applied in the shape of a fog with the 1 st operation 
gestalt How to carry out (1) casting at others and make it adhere to a lipophilic property portion, (2) How for it to be 
immersed and to make the optical-waveguide pattern portion of a lipophilic property field adsorb a substrate into the 
liquid in which the oil-level expansion film of a reactant oil-like prepolymer was formed, (3) Various kinds of 
methods, such as a method of making the evaporation gas or spray droplets (Myst) of the adhering method by the 
Langmuir BUROJIETTO method and a (4) reactivity oil-like prepolymer adsorbing from a gaseous phase, can be used. 

[0038] Moreover, although the path of the circular cross-section configuration of an optical waveguide is made in 
[ latus ] several micrometers - 500 micrometers in many cases, and a comparatively thick path is used in many cases 
when it is a gray TEDDO type, in a step type case, generally, the path is a narrow thing very much with 60 
micrometers or less. Since the one where the path of an optical waveguide is smaller acts greatly and a cross section 
approaches more nearly circularly, as for surface tension, it is [ this invention ] desirable like a step type optical 
waveguide to use for the method of forming especially the optical waveguide of the diameter of a narrow. 
[0039] Again (Modification of the 1st operation gestalt) As a modification of the 1st operation gestalt The substrate 1 
which has the core layer 3 which was made to carry out a hardening reaction and formed the prepolymer pattern 10 It 
is immersed into the solution of a TORIFUTSU-ized methyl methacrylate dimer with the high fluorine concentration 
which is a low refractive-index-ized molecule, and fixed time doping of the TORIFUTSU-ized methyl methacrylate 
dimer is carried out at the core layer 3. The outside of the circular cross section of the core layer 3 is made to carry out 
the maldistribution distribution of the TORIFUTSU-ized methyl methacrylate dimer so that it may become high 
concentration. 

[0040] Thereby, a gray TEDDO type optical waveguide can be obtained. Furthermore, a highly efficient gray TEDDO 
type optical waveguide with small aging can be obtained by carrying out ultraviolet-rays bridge formation of the core 
layer 3 which doped the low refractive-index-ized molecule. 

[0041 ] In addition, the organic molecule of the molecular structure which replaced the polymeric materials in which 
the core layer 3 was formed, and low-molecular [ affiliated ], by 3 fluoridation or methyl group fluoride as a low 
refractive-index-ized molecule to dope is suitable. Generally, since molecule condensation structure was made 
amorphous and it was made the structure which raises transparency and does not have a birefringence, the rate of 
absorption of optical plastics of a dopant was quick, and since it doped easily, the method immersed into a dopant 
solution as mentioned above was used for it as the method of doping. 

[0042] Or if the molecule which has the alkyl group and the alkoxy group which have the plasticization effect, an ester 
machine, or a carbonate machine as a low refractive-index-ized molecule is chosen, the doped low refractive-index- 
ized molecule works also like a plasticizer, the brittleness (crack initiation) of the macromolecule optical waveguide of 
a circular cross-section configuration is improved, and there is a merit that the optical waveguide which is more 
excellent in transparency, membrane- formation nature, and homogeneity can be formed. 

[0043] the behavior by which the low refractive-index-ized molecule which has the above-mentioned plasticization 
effect is fixed by the chemical bond means that "internal plasticization" of the macromolecule constituent by which 
external plasticization was carried out is carried out by the fixed reaction, and carries out the work which serves as a 
soft segment in a macromolecule layer, and gives a suitable mechanical characteristic and a suitable optical property 
[0044] Next, the edge of the optical waveguide formed by the manufacture method in the 1st operation form is 
explained using drawing 3 . In addition, it is the cross section with which drawing 3 (a) met the plan of an optical 
waveguide, and drawing 3 (b) met the A-A line of drawing . 3 (a). 

[0045] Since the core layer 3 used as the optical waveguide of this invention forms using the surface tension of a 
reactant oil-like prepolymer, as shown in drawing 3 , the end face forms [ convex spherical-surface-like end-face 3 a 



which is the convex spherical surface ] in a self-adjustment target. 

[0046] When this emits the light which has guided the core layer 3 to the convex spherical-surface-like end-face 3a 
shell exterior, the light will condense. 

[0047] Therefore, when carrying out incidence to the planar optical waveguide of another side from one planar optical 
waveguide by approaching and arranging two planar optical waveguides since light is condensed by convex spherical- 
surface-like end-face 3 a as shown in d rawin g 3 , few connection of optical loss is attained. Moreover, since light does 
not spread by convex spherical-surface-like end-face 3 a when connecting with semiconductor laser or an optical fiber, 
there is a merit that there are few connection losses. 

[0048] Moreover, signs that the planar optical waveguide and photo detector which were manufactured according to 
the 1 st operation form were combined are shown in drawin g 4 . 

[0049] As shown in drawing 4 , the planar optical waveguide which has convex lens-like convex spherical-surface-like 
end-face 3 a, and the photo detector 1 1 were combined with the edge of the core layer 3 with the optical adhesives 12 of 
optical hardening which has a refractive index with a refractive index lower than the material of the core layer 3, and 
the light-receiving module was constituted. 

[0050] In case the light which has guided the core layer 3 receives light from convex spherical-surface-like end-face 3a 
to a photo detector 1 1 by this, it is spread and condensed and the light is received by the photo detector 11. Therefore, 
the few light-receiving module of optical loss is realizable. 

[0051] (2nd operation form) It explains, referring to drawing 5 hereafter about the manufacture method of the planar 
type optical waveguide concerning the 2nd operation form. In addition, drawing 5 is the process cross section showing 
the manufacture method of the optical waveguide concerning the 2nd operation form. 

[0052] As shown in drawing 5 (a), the bottom clad layer 2 which consists of poly fluoride methyl methacrylate of high 
fluorine concentration is formed by 1 0-micrometer thickness on the substrates 1 , such as an alumina, and the middle 
coat 5 which a front face becomes from oil-repellent polyvinyl alcohol is formed on the bottom clad layer 2. 
[0053] Next, crosslinking reaction is carried out irradiating an electron ray and digging the bottom clad layer 2 with the 
middle coat 5, as shown in drawing 5 (b), and the optical-waveguide pattern 13 of the shape of concave radii whose 
opening of a cross section is 1 0 micrometers is formed. At this time, the concave front face of the optical-waveguide 
pattern 1 3 serves as lipophilic property. 

[0054] Next, if the poly fluoride methyl methacrylate prepolymer is sprinkled in the shape of a fog and applied as a 
reactant oil-like prepolymer on the substrate 1 which has the lipophilic property front face (lipophilic property field) 
and oil-repellent front face (oil-repellent field) as shown in drawmg.5 (c), the poly fluoride methyl methacrylate 
prepolymer will be applied by the property only on the optical- waveguide pattern 13 which is the field of lipophilic 
property, and will form the prepolymer pattern 14. 

[0055] Next, as shown in drawing 5 (d), the core layer 3 used as an optical waveguide is formed by carrying out the 
hardening reaction which irradiates the prepolymer pattern 14 by ultraviolet rays etc., and hardens it. In addition, there 
are the addition polymerization represented by vinyl polymerization, condensation polymerization represented by a 
polyimide and polyester, heat crosslinking reaction represented by peroxide bridge formation, 2 liquid mixture 
crosslinking reaction represented by epoxy, urethane, a moisture hardening reaction of cyanoacrylate which are started 
at a reaction with the moisture in air, etc. as hardening reaction. 

[0056] Next, etching removes the middle coat 5. This forms the core layer 3 of a circular cross- section configuration on 
the bottom clad layer 2. Since the polyvinyl alcohol of the middle coat 5 is a water-soluble poly membrane, it is easily 
removable with water. 

[0057] Next, as shown in drawin g 5 (e), the top clad layer 4 is formed by forming the poly fluoride methyl 
methacrylate of high fluorine concentration, and hardening by ultraviolet rays etc. so that the core layer 3 may be 
embedded. 

[0058] In the 2nd operation form, the cross section of an optical waveguide becomes a thing near a part of perfect 
circle further by forming the optical-waveguide pattern of lipophilic property in the shape of concave radii. And since 
the diameter of an optical waveguide is influenced by the circular, circular size, it can form the optical waveguide of a 
desired diameter easily. 

[0059] in addition, everything but the direct method according to an electron beam lithography like the 2nd operation 
form in the circular, circular optical-waveguide pattern 1 3 — a phot — it can also form by the lithography method, the 
ink-jet method, etc. Moreover, when circular, circular size is large, it can form also by embossing (press). If a 
lipophilic nature child is given to a front face or a surface molecule is changed into a lipophilic group in order to make 
a front face into lipophilic property at this time, it will be obtained easily. For example, there is the method of carrying 
out surface treatment, and introducing and carrying out the surface treatment of OH basis or the fluorine by reactant 
gas plasma, such as water, oxygen, or carbon tetrafluoride. 



[0060] moreover, a phot — when applying a photoresist like the lithography method, in consideration of the property of 
the front face of the bottom clad layer 2, it is necessary to use the photoresist solution which had compatibility in the 
front face of the bottom clad layer 2 and which is easy to apply The surface characteristic of this photoresist solution is 
easily controllable by the surfactant. 
[0061] 

[Effect of the Invention] this invention forms the optical waveguide of a circular cross-section configuration in a self- 
adjustment target with the surface tension of the reactant oil-like prepolymer by forming an oil-repellent field and a 
lipophilic property field to a reactant oil-like prepolymer on a substrate, and being applied to a reactant oil-like 
prepolymer to a lipophilic property field. Thereby, the optical waveguide of a beautifbl and smooth circular cross 
section can be obtained. Therefore, since the cross section of an optical waveguide is circular, the cross section in the 
former can make transmission loss of light, and disorder small infinite compared with a rectangle-like optical 
waveguide. 

[0062] Moreover, in an oil-repellent field, since a reactant oil-like prepolymer does not adhere at all, patterning with a 
high SN ratio without dirt becomes possible. These outstanding attachment characteristics are because the difference in 
the very big surface activity of the solubility parameter between the fluorine system material used for this invention, 
silicon resin material, general organic system material, and lipophilic property material is used. 
[0063] Moreover, according to this invention, there is an advantageous effect that a highly efficient optical waveguide 
is obtained in an easy process, without repeating etching and phot lithography repeatedly. 
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